porin (Kem, 1988) produced by the anemone Stichodactyla helianthus (order Actiniaria), currently classified as a transmembrane solute transporter from the pore-forming equinatoxin family 1.C.38 (Saier, 2000 
consist of the five and four strands, respectively (Figure ably, the segment comprising residues 108-111 of StnII is the only region of the structure that could not be 1C). The helices ␣1 and ␣2 are located between the strands ␤1 and ␤2, and ␤7 and ␤8, respectively. They placed in the electron density, suggesting that this loop is highly mobile. A high degree of conformational flexibilpredominantly interact with the ␤ sandwich through hydrophobic interactions and ten and seven van der Waals ity in this region, which is essential for binding of POC (see below), may allow an efficient adaptation of StnII contacts, respectively, although salt bridges are also observed (Asp 18-Lys 168 and Asp 133-Lys 118).
to the membrane surface. In this sense, POC binding stabilizes this loop, as deduced from the comparison of The analysis of the Stn II structure revealed the striking presence of an exposed cluster of aromatic amino acids the corresponding electron density maps. Three-dimensional structural alignment using Dali composed of Tyr106, Trp110, Tyr111, and Trp114 (coming from the loop comprised between strands ␤6 and (http://www2.ebi.ac.uk/dali/) showed that StnII is structurally similar to several other ␤ sandwich-containing ␤7), and Tyr131, Tyr135, and Tyr136 from helix ␣2. These residues are known to have affinity for the membrane proteins, presumably because of the widespread distribution of this structural motif in functionally diverse prointerface (Killian and von Heijne, 2000) , and in fact, analogous clusters have been observed in bacterial channelteins. As expected, StnII is most similar to EqtII (PDB entry 1IAZ; 172 C␣ atoms superpose with an rms deviaforming toxins such as ␣-hemolysin (Song et al., 1996) and aerolysin (Parker et al., 1994) between strands ␤6 and ␤7 in StnII (see below). Weaker of the aromatic rings of Tyr111 and Tyr135. Besides, the phosphate moiety interacts with the phenolic hydroxyl similarities were also detected, the most significant being thaumatin (PDB entry 1THV), the tick-borne encephgroups of Tyr111 and Tyr136 and presumably would be further stabilized by the cationic side chain of Arg51 alitis virus glycoprotein (PDB entry 1SVB), and the ␣ subunit of the clathrin adaptor ap-2 (PDB entry 1QTS-( Figure 3A) . Interestingly, comparison of the structures of free StnII and that of the complex StnII:POC revealed A), with rms deviations of 2.8, 3.4, and 3.7 Å for 96, 86, and 85 C␣ atoms, respectively. A significant similarity some backbone modifications in the loop between strands ␤6 and ␤7 (rmsd 0.71 Å versus an overall value was also found with the ␤ sandwich domain 4 of perfringolysin O from Clostridium perfringens (76 C␣ atoms of 0.30 Å ). However, the structural differences are mostly due to side chain rearrangements to facilitate POC bindsuperpose with an rms deviation of 2.8 Å ), the other pore-forming toxin that scored over the default signifiing ( Figure 3B ). Cation-interactions (Gallivan and Dougherty, 1999) Two-dimensional crystals of StnII were grown on lipid monolayers as described in the Experimental Procesome permeabilization promoted by StnII (data not shown). Phosphocholine binds to a cavity with overall dures section. The samples yielded ordered areas in around 15%-20% of the monolayers, which showed a dimensions of 9 ϫ 11 ϫ 13 Å . This cavity is partly hydrophilic due to the phenolic hydroxyl groups of Tyr131, substantial degree of bending due to the flexibility of the monolayers. As a result of that, high-quality crystalline Tyr135, and Tyr136 and the side chains of Ser52 and Ser103, and partly hydrophobic because it contains the patches were small, thus making unfeasible the use of cryoelectron microscopy. Six micrographs of negatively side chains of Val85 and Pro105 and the aromatic rings of Tyr111 and Tyr135. Remarkably, all residues conformstained crystals as that shown in Figure 4A , all of them reaching 15 Å resolution, were merged to generate a ing the POC binding site are strictly conserved in the 3D structure of EqtII, the only actinoporin with 3D strucprojection map without any symmetry imposition ( Figure  4B ). The 2D crystals belong to the P42 1 2 space group, ture so far described (Athanasiadis et al. The mechanism would proceed through at least three be deduced that the information necessary for StnII oligomerization is contained within the system composed steps: monomer binding to the membrane interface, assembly of four monomers, and final formation of the of toxin and the water/lipid interface, i.e., oligomerization is not exclusively driven by a protein concentrating functional pore. Binding of soluble monomers to the membrane surface would be mainly driven by the affinity effect.
Docking of the atomic model of StnII into the 3D reconthey exhibit for the phosphocholine group of lipids (POC binding site) and also for the water/lipid interface (addistruction rendered a plausible high-resolution model of the StnII tetramer formed upon oligomerization that pretional exposed aromatic residues), although other structural details of the lipids must be recognized for effective dicts: (1) the preservation of the ␤ sandwich structure, (2) In conclusion, the finding of a POC binding site in a member of the actinoporins family offers unexpected hypothesis for this last step can then be proposed which would involve the extension of the N-terminal region of insights into the structural basis for actinoporin lipid recognition. In addition, the high-resolution model of the each protomer, which would adopt a helical conformation (Figure 7) . In this regard, very recently it has been StnII tetramer is consistent with experimental studies providing the structural basis for previous functional proposed that the N-terminal segment of EqtII (from 
